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Abstract 
     Magnetic fields of naval vessels are widely used all over the world for detection and localization of naval vessel. Magnetic 
Anomaly Detectors (MADs) installed on air borne vehicles are used to detect submarine operating in shallow waters.  Underwater 
mines fitted with magnetic sensor are used for detection and destruction of naval vessels in the times of conflict.  Reduction of 
magnetic signature of naval vessels is carried out by deperming and installation of degaussing system onboard the vessel. Present 
paper elaborates details of studies carried out at Magnetics Division of Naval Science and Technological Laboratory (NSTL) for 
minimizing the magnetic signature of naval vessels by designing a degaussing system.  Magnetic fields of a small ship model are 
predicted and a degaussing system is designed for reducing magnetic detection.  The details of the model, methodology used for 
estimation of magnetic signature of the vessel and design of degaussing system is brought out in this paper with details of 
experimental setup and results.     
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1. Introduction 
     The magnetic signature of naval vessels arises as they are constructed from mild steel.  Steel is a ferromagnetic 
material and hence offers low resistive path to magnetic flux lines due to its high value of permeability.  Sea mines / 
underwater mines are used widely for detection of naval vessels in littoral waters by measuring magnetic signature of 
vessel.  Present mines use combination of various signature channels such as acoustic, magnetic, electric and pressure.  
Magnetic channel is given higher priority and is usually an explosion triggering channel by sensing the proximity of 
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the vessel [1].  In addition to this, airborne Magnetic Anomaly detectors (MADs) are used to detect the presence of 
submarine.  The typical threat scenario and reduction of threat by use of mitigation techniques is depicted in figure 01.  
In view of this, minimization of magnetic signature by suitable signature minimization technique becomes necessary.   
As part of signature minimization techniques, Deperming of the vessel is undertaken in a huge facility to minimize 
permanent fields and onboard degaussing systems are used to compensate induced signatures [2].  In this study, an 
attempt is made to predict the magnetic signature of a small ship model.  In continuation a degaussing system was 
designed, installed on the model and its efficacy of degaussing coil system in signature minimization was measured 
using magnetic sensor in laboratory experiments.  The methodologies followed for prediction and design of degaussing 
system and results of experiments are discussed here.
2. Details of the Model 
     The dimension and material permeability details of fabricated ship model used for the study is provided in table 01 
and the picture of fabricated ship model is provided in Fig 02. 
 
Table 01: Details of ship model 
Length : 2 m 
Width : 0.44m 
Height : 0.39 
Permeability of material (μr) : 600 
 
 
Fig. 01. Typical threat scenario due to detection of naval vessel by its 
magnetic signature. Fig. 02. Ship model fabricated for study. 
 
3. Prediction of Magnetic Signature 
The magnetic signature of the vessel is predicted by estimating the surface magnetisation )(sσ
&
of the vessel.  For 
prediction / computation of the magnetic signature, cartesian coordinate system with X1 axis directed along the base 
line from stern to bow, X2 axis perpendicular to centre line directed starboard and X3 axis directed vertically 
downwards touching the extreme stern point is used [3]. In such coordinate system, the surface magnetisation 
)(sσ& of the ship model in presence of external earth magnetic field H
&
is given by [3] [4]: 
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Where, 
)(0 skσ
&
 – Specific surface magnetization of the ship hull corresponding to the unit homogenous field directed along the 
axis )3,2,1( =kX k ; 
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kH  –  Components of the geomagnetic (ambient) field in the ship-fixed co-ordinate system; 
 )()( sp
•σ
&
– Surface magnetization corresponding to the normalized residual magnetization of the ship during 
deperming in a vertical magnetic field •3H ; 
 
 By knowing the surface magnetisation of the vessel, the magnetic field intensity generated by ship hull at any 
spatial point ‘p’ can be found from following equation. 
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Where operation “gradޖ ” is performed in terms of ‘s’ point coordinates. 
 
NSTL has a custom developed software tool that works on this concept to estimate the magnetic signature of ships.  
Same is used to predict the magnetic signature of the ship model along its keel line at a depth of 0.5m at 0 deg heading.  
The predicted result is provided in Fig 03.   
4. Validation By Measurement 
The measurement of magnetic signature of the ship model is carried out by positioning the ship model on a wooden 
platform and measurement is taken at a depth of 0.5m by using fluxgate magnetic sensor [5].  Mag 03 MSB fluxgate 
sensor and Spectramag 06 data acquisition system of Bartington make are used during measurement [6].  The 
measurement result is provided in figure 04.
Fig. 03. Predicted magnetic signature of ship model Fig. 04. Measured magnetic signature of ship model. 
 
     From the comparison of figure 03 and 04 we can see that the field components follow the similar trend.  The 
percentage agreement of the predicted and measured fields is provided in table 02. 
 
                    Table 02: Comparison of prediction with measurement. 
FIELD PREDICTED MEASURED % AGREE 
X 5087.7 nT 6537.3 nT 77.8 
Y -- -- -- 
Z 7092.9 nT 5604.0 nT 73.4 
 The comparison table of prediction and measurement results reveals that there exists a difference of up to 
26.6% between the predicted and measurement results.  This difference is due to the fact that the software tool predicts 
the induced magnetic signature of the vessel by assuming the deperming of the vessel, whereas the ship model is not 
depermed prior to measurement due to non availability of such laboratory facility and hence the permanent magnetic 
conditions would be different. The software tool was used for prediction of magnetic signature of ship model earlier 
to predict the magnetic signature of actual naval vessels.  The induced magnetic signatures of the vessel predicted 
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using this tool were compared with induced magnetic fields measured for ships and the agreement up to 98% was 
found with respect to measurements.  The results could not be provided here due to sensitivity of the data.  In view of 
this observation, the above prediction results can be considered to be good estimation of vessels induced magnetic 
fields.
5.   Design of Degaussing System 
     Degaussing system is nothing but loops of coil installed onboard the vessel, when energised with proper currents 
it generate magnetic fields in a direction opposite to the magnetic fields of the vessel to minimise the effective magnetic 
signature.  The magnetic model developed during prediction of the magnetic signature of the vessel is used for design 
of the degaussing system.  The equation governing the design of the degaussing system is provided below [7]. 
 
 
 3,2,1=q
Where,
 ),( txHq
Δ  - Resultant magnetic field intensity at instant t 
)(xiqα – q th component of the induced magnetic field under the effect of unitary field directed along an i th axis 
)(xH pq   – Residual / Permanent ship magnetic field intensity components 
)(tI k  –  k th winding current 
 )(xhqk  – Magnetic field intensity produced by the k th winding with its unitary current 
 
Using the above concept, the degaussing system for the vessel is designed.  The number of coils and optimum position 
of the coils is determined by iterative process with various combinations.  The magnetic field residue after degaussing 
is checked for each combination of ampere turn values in various sub coils and the design with minimal ampere turn 
values and maximum reduction in the signature is finalised.  With the above concept, a degaussing system that 
generates the magnetic field in all three directions using Vertical, Athwartship and Longitudinal (VAL) coil system is 
finalised. CAD model picture of the planned degaussing coil configuration is provided in figure 05. The 
planned coil system consisted of 14 longitudinal coils, 6 athwartship coils (5 pairs + 1) and 5 vertical coils.   The 
ampere turn values for each sub coil of the system are estimated and the same is provided in table 03. 
 
                                   Table 03: Ampere turns of the sub coils of Onboard Degaussing System 
L COIL  A COIL  V COIL 
COIL NO AT  COIL NO AT  COIL NO AT 
1 132  1(a) 35  1 3 
2 22  2(a) 15  2 6 
3 44  3(a) 35  3 6 
4 132  4(a) 15  4 6 
5 -22  5(a) -25  5 9 
6 88  6 10  
7 110  1(b) 35  
8 -66  2(b) 15  
9 198  3(b) 35  
10 -88  4(b) 15  
11 154  5(b) -20  
12 132   
13 -264   
14 528   
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6. Implementation and Measurement 
     These ampere turns are converted to turns depending on the power supply capability and the coils are inserted to 
the ship model.  PVC insulated copper cable used for domestic wiring is used during the study.  The model after 
insertion of the coils is shown in figure 06. 
 
 
Fig. 05. Coil insertion plan Fig. 06. Designed Coil system inserted on ship model 
 
     Aplab power supplies are used for pumping desired currents in the coil system.  The measurement of magnetic 
signature of the vessel with energised coils at depth of 0.5m was carried out as per measurement methodology 
explained earlier in section 4.  The measured magnetic signature levels post degaussing using designed coil system is 
shown in figure 07.  Comparison of figure 07 with respect to figure 04 reveals that there is a reduction in magnetic 
field levels.  The table of field levels before and after degaussing is provided in table 04. 
                              Table 04: Measured Model Signature before and after degaussing 
 
FIELD WITHOUT DEGAUSSING 
WITH 
DEGAUSSING % REDN 
X 6537.3 nT 2034.8 nT 68.87 
Y -- -- -- 
Z 5604.0 nT 2108.0 nT 62.38 
 
 
Fig. 07. Measured magnetic signature of ship model after degaussing 
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     From above we can observe that there is a good reduction in magnetic field levels after degaussing.  The remaining 
field of approx 38% is due to non consideration of permanent fields for design of degaussing system and computational 
and round off errors occurred while computing the number of turns for the sub coils. 
7. Conclusions 
     Design of onboard degaussing system for ship model is carried out in laboratory.  This task was carried out in four 
parts namely prediction of magnetic signature of model, validation of signature by measurement, design of degaussing 
system and proving the degaussing coil effect by measurements. Prediction of magnetic signature of ship model was 
carried out at a depth of 0.5m and 0 deg heading using prediction tool available with NSTL.  Measurement of magnetic 
signature of the model is carried out at depth of 0.5m at 0 deg heading.  The comparison of results revealed agreement 
of 73.4% to 77.8%. Degaussing system was designed with 14 longitudinal, 6 Athwartship and 5 Vertical coils.  
Required ampere turns for minimisation of signatures were computed and same was implemented on the ship model.  
Post insertion and energising the coil the magnetic signature of the model is reduced by 62.38% in Z fields and 68.87% 
in X fields.  The Y fields show zero fields as the model is aligned to magnetic North – South and model is symmetric.
The disagreement of the results and the limited reduction of signature are attributable to permanent magnetic signature 
of the model.  The signature is expected to reduce better if deperming of the vessel is carried out.  This study can be 
extended to real ships and submarines in the future. 
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